IMPORTANCE Ex vivo dermoscopy (EVD) with derm dotting (DD) improves clinicopathologic correlation and the quality of diagnosis in skin tumors.
M ost pathology laboratories process skin biopsy specimens without access to clinical and/or dermoscopic images. Macroscopy of skin tumors is usually limited to a quick visual inspection, measurement of the lesion, standard transverse sectioning, and random cutting at 2 to 3 different levels.
Since the introduction of dermoscopy in the follow-up of pigmented skin lesions, focal areas that are visible only with dermoscopy may be the reason for diagnostic excision of lesions. Communication of this information to the pathologist may be of importance for a correct evaluation of these lesions. 1 A routine diagnostic procedure submits only 2% or less of the excised tissue for examination. 2 This is a worrisome fact, especially for melanocytic tumors , as one can imagine that small specific areas of concern for the clinician can be missed by the pathologist if these are not discernable by the naked eye. Merkel et al 3 applied a micropunch during in vivo dermoscopy to mark these areas of interest, which can, however, create an artifact and result in detaching of tissue. In 2007, Scope et al 4 described the added value that ex vivo dermoscopy (EVD) can give to the pathologist by guiding tissue sectioning. Cabete et al 5 found that the combined use of EVD and histopathology improves clinicopathological correlation and allows selection of representative areas for sectioning. In 13.1% of their cases, a different final diagnosis was rendered after dermoscopy-guided specimen sectioning. Since 2011 we have systematically used EVD with derm dotting (DD) in our dermatopathology laboratory. With this simple and easy method, focal areas or suspected section planes observed on EVD are marked with nail varnish. This method of derm dotting was described by our team in 2013. 6 Others have afterward implemented this method in the examination of pigmented lesions. 7 The dotting method was also successfully used during oral surgery. 8 In a systematic comparison of 101
tumoral skin lesions, we demonstrated that EVD is broadly similar to in vivo dermoscopy but also has clear differences, providing possible direction to target tissue for processing and examination. 9 In the present study we evaluated the impact of EVD with DD on the reliability of pathological margin evaluation and accuracy of diagnosis. We also looked at the impact on time of this method by comparing additional cuts and turnaround time (TAT) (time from tissue cutting to pathological protocol).
Methods

Skin Biopsy Specimens and Histological Processing
We compared 6526 skin biopsy specimens processed from January 1, 2008, to December 31, 2010, in a general pathology laboratory with 8584 skin biopsy specimens examined in a dermatopathology setting from January 1 to December 31, 2015. The skin biopsy specimens processed in this new dermatopathology setting can be considered comparable with those in the general hospital in terms of referred cases and patient population, since all the dermatologists sending to the general hospital pathology laboratory switched to the new dermatopathology laboratory. The number of skin biopsy specimens increased through growth of the existing dermatology practices and by referral of cases from dermatologists at new private dermatology practices in the same region.
Because the submitting dermatology practices were all located outside the hospital, samples from both periods were considered comparable. The same dermatopathologist (M.H.) diagnosed the lesions from both periods.
The lesion specimens from the first time period were processed using the standard transverse method for skin biopsy specimen processing. In first instance, skin tumors were inspected by a technician by the naked eye. Measurements were taken, and a schematic drawing of lesion was made. The bottom side was inked. The lesion was standard bread-loaf cut every 3 mm, with horizontal processing of tips. On 1 microscopic slide, 3 different levels of microtome cuts were assembled. Paraffin ribbons were conserved for possible additional staining.
Ex vivo dermoscopy and DD were used during the second time period. In the dermatopathology laboratory setting, skin tumors are inspected by a technician by the naked eye and measured. The technicians are trained in dermoscopy and decide if a dermoscopic image needs to be taken. A dermoscopic image (EVD, taken with a PowerShot G11, Canon; Dermlite 3, 3Gen Inc) was made of all flat melanocytic lesions, all lesions suspicious for dysplasia or skin cancer (both melanoma and nonmelanoma), and when specific dermoscopic information was provided by the clinician. Also, when a focal area of interest or suspect margin was noticed, a dermoscopic picture was made. When a technician was in doubt, the advice of the pathologist was asked. The images were only connected to the final histopathological diagnosis and no other personal data from patients were included. Moreover, according to Belgian law , no written informed consent was required. We therefore waived submission to the local human subjects ethics committee.
The following handling protocol was used (eFigure 1 in the Supplement): a horizontal border line was made on the skin rim with black nail varnish to orient the specimen (Figure 1) . One half of the bottom side was inked green, the other half black. Focal lesions seen on dermoscopy were marked with a nail varnish dot. Different colors could be used. The varnish
Key Points
Question What is the diagnostic performance of processing skin tumors with ex vivo dermoscopy (EVD) and derm dotting (DD) compared with the standard method?
Findings We observed that EVD and DD significantly increase the detection of positive section margins in nonmelanoma cancers and result in a better recognition of specific clinicopathological subtypes of nevi; a higher incidence of moderately and severely dysplastic nevi, nevi-associated melanomas, and collision tumors; and a decrease in the median turnaround time for melanocytic tumors.
Meaning Ex vivo dermoscopy and DD permit a more accurate and less time-consuming histologic diagnosis of skin tumors. dot was discernable under the microscope as a granular browngray plaque on top of the horny layer ( Figure 2) . Punch biopsy specimens, taken to invest inflammatory diseases, were dotted in the center. Controlled microtome cutting was done until the area of interest (dotted) was reached. In addition, 2 previous depths were mounted on the same slide. Orientation, inking, nail varnish, and section planes were indicated on a drawing to help orient the tissue by the pathologist. Paraffin ribbons were conserved for possible additional staining.
Most benign melanocytic lesions were bread-loaf transversesectioned without processing of tips. In nonmelanoma skin cancer lesions, the tips were processed. In atypical melanocytic lesions and melanomas, the transverse sections were oriented to include the different structures, suspect margins, or focal lesions seen on EVD. In elongated lesions with clear transverse margins on EVD, horizontal or tangential sections were made. Acral nevi were cut perpendicular to the parallel ridge pattern.
Outcome
To evaluate the quality of the diagnostic process, the following features were systematically scored and compared for both periods: (1) the proportion of positive section margins in nonmelanoma skin cancer lesions; (2) the proportion of nevi subtypes; (3) the proportion of moderately and severely dysplastic nevi, melanoma in situ, and invasive melanomas; (4) the proportion of nevi-associated melanomas; (5) the incidence of ulceration in melanomas thicker than 1 mm; and (6) the proportion of collision lesions.
To evaluate the economical and practical consequences of this extra macroscopic work, the number of deeper cuts and TATs from gross sectioning until the electronic validation of the definitive protocol was compared for both periods.
All categorical variables were compared using Pearson χ 2 test. Median TAT was compared using Mann-Whitney test. All statistical tests were 2-tailed, and P < .05 was considered statistically significant. Statistical analysis was done using SPSS software (version 21.0; IBM).
Results
Positive Margins in Nonmelanoma Skin Cancer
With EVD and DD, the number of nonmelanoma skin cancer lesions with positive section margins increased significantly from 8.4% to 12.8% (P < .001) ( Table 1 ). In squamous cell carcinoma (SCC), the prevalence of positive margins increased from 8.7% to 16.9% (P < .001). For Bowen disease and in situ squamous carcinoma (ISCC), this number increased from 9.3% 19.1% (P = .02) and from 8.6% to 15.7% (P < .001), respectively. In the group of BCC, a positive margin was found in 11.1% compared with 8.3% without EVD and DD (P = .02). In the superficial type of BCC, the incidence of positive margins increased from 1.8% to 4.8% (P = .046).
Melanocytic Lesions
Of 6526 biopsy specimens seen from 2008 to 2010, 1946 were diagnosed as nevi (29.8%) compared with 2808 of 8584 (32.7%) in 2015 ( Table 2) . For both periods, 2% of biopsy specimens were melanomas. For Miescher, flat, blue, and spitzoid types of nevi, a similar incidence was found in the 2 periods (respectively, 15.6% vs 14.6%, 14.2% vs 14.8%, 2.5% vs 2.0%, and 3.8% vs 3.2%). Only for Unna type nevi was a significant increase found (from 23% to 31.4%). In addition to these common variants, with EVD and DD, 27.7% of nevi were diagnosed as nevi with special clinicopathological characteristics compared with only 10.3% before using EVD and DD (P < .001). Table 2 lists the incidence of these subtypes for both methods. The number of nevi with moderate dysplasia increased from 1.0% to 7.2% (P < .001), whereas the number of nevi with severe dysplasia increased from 0.6% to 1.4% (P = .005). 
Turnaround Time
The median TAT significantly decreased during the second time period from 2 days to 1 day for nevi, from 5 to 2 days for melanoma, and from 2 to 1 day for BCC (P < .001).
Discussion
The significant increase in positive section margins in nonmelanoma skin cancer lesions (from 8.4% to 12.8%) indicates a higher sensitivity of the EVD and DD method. In ISCC, the visualization of a yellow-brown keratotic or crusty surface on EVD permits delineation of the lesion and can guide us to suspicious margins. Many Bowenoid lesions show skip lesions. They may be covered with a keratotic crust or show brown dots corresponding to residual glomerular vessels. 9 These characteristics on EVD can disclose a positive margin and guide the tissue sectioning. In BCCs, EVD with DD proved to increase the number of positive margins significantly (from 8.3% to 11.1%). This was mainly due to superficial BCCs that may grow multifocal and may not be well delineated clinically.
As we described in a previous report, 9 in some BCCs, the loss of red and intensification of the white structureless areas on EVD (reflecting a fibrosing stromal reaction) permits a better margin evaluation. 6 In other cases of superficial BCCs, small brown crusts or blue-gray ovoid nests (corresponding to pigmented basal nests) may give a hint to the most marginal tumoral nests. Nodular BCCs are mostly well delineated clinically, and surgery often results in clean margins. Margin positivity in these cases are mostly found in the deeper section plane or deeper lateral sides, and this information cannot be captured by EVD.
As demonstrated in a previous study, 9 EVD of pigmented lesions provides a sharp and detailed picture, allowing an excellent orientation and guided cutting of the lesions. Suspicious superficial borders can easily be identified (Figure 2 ).
During both investigated periods, a similar percentage of common variants of nevi was found. Only for Unna-type nevi was a significant increase in the amount of nevi found (from 23% to 31.4%). This probably reflects more attention for subtyping and a lower threshold for diagnosing a nevus as papillomatous since the use of EVD.
In 27.7% of nevi, many of which were removed because of clinically atypical aspects, EVD with DD led to a more specific clinicopathologic subtyping (27.7% vs 10.3% without EVD and DD) ( Table 2 ). The only nevus subtype that could be easily identified without EVD and DD were hypermelanotic flat and/or lentiginous nevi (8.4% vs 8.1% in 2015). Diagnoses of large nested nevus increased from 1.2% to 2.2%. Ex vivo dermoscopy and adapted cutting may have contributed to a better understanding of the specific architecture of melanocytic lesions. After correlation with EVD, 1.2% of nevi were diagnosed as actively growing nevi with peripheral globules, corresponding to another spe- cific nevus with large nests (Figure 3 ). This diagnosis is almost impossible to make without dermoscopic information. Focal areas of fibrosis and/or sclerosis in nevi may cause concern for the clinician and often prompt resection, but these areas may be difficult to trace without EVD and DD. The diagnosis of a fibrosing or sclerosing nevus by use of EVD was made in 6% of nevi compared with only in 0.3% without EVD. The latter were all examples of fully sclerosing nevi. Many fibrosing, sclerosing nevi however, show only focal sclerosis, often starting in a perifollicular way. Without EVD and DD these areas can be missed. A correct interpretation of fibrosing/ sclerosing nevi is important because the differential diagnosis of these cases with regressive melanoma can be very difficult, even with the aid of EVD and DD information.
Nevi that were resected as consequence of the appearance of a new black, blue, or brown dot were marked at this dot and diagnosed readily through EVD without need for deeper cuts or risk of transection of the dot.
Irritated, traumatized nevi were also significantly more frequently diagnosed than previously. There was also an increase in the diagnosis of recurrent and eczematized nevi. This increase, probably owing to the low number, was not significant. Ex vivo dermoscopy often revealed focal changes in these lesions (crusts, erosions, pigment changes), permitting marking and guided cutting.
Ex vivo dermoscopy with DD resulted in a significant increase of moderately and severely dysplastic nevi, from 1.0% to 7.2% and from 0.6% to 1.4%, while the incidence of melanoma in situ, an invasive melanoma, remained the same. This observation suggests a higher sensitivity of EVD with DD specifically for the identification of areas of significant dysplasia. This is in line with the retrospective study of Merkel et al 9 on the use of dermoscopy-guided histologic sectioning for the diagnosis of melanocytic lesions. This has clinical consequences because in severely dysplastic nevi a broader resection to 0.5 cm is advised.
Besides an adequate control of section planes, EVD with DD may also help to identify a preexisting nevus rest in melanomas or a focus of melanoma in a benign nevus. The observation of small areas with a residual regular network or conserved globules in a dermoscopically malignant lesion can disclose a preexisting nevus. Focal areas with a disturbed network or a blue-gray aspect on EVD can guide the pathologist to a small focus of melanoma in a benign nevus. By dotting and thereby facilitating microscopic traceability of these areas, there was an increase in the diagnosis of residual nevi in melanomas (from 15.2% to 33.3%). The diagnosis of ulceration in melanomas thicker than 1 mm increased from 24.0% to 31.3%. However, this increase was not significant, probably owing to the low number of cases included in this study. The diagnostic potential of EVD and DD in identifying ulceration in melanomas has to be further evaluated in larger series. Ex vivo dermoscopy and DD can also help to identify the most suspicious areas for deep invasion in melanomas. These areas often show a white-gray color as sign of regression or a blue-gray aspect owing to the presence of deeper dermal melanin pigment. By using EVD and DD, we observed more collision lesions (0.07% to 1.07%). This increase may indicate a higher sensitivity of the new method compared with the standard method. Although most of these collision lesions are incidental findings, without clinical or therapeutic consequences, in some of these cases, the identification of a second lesion can be of clinical importance (Figure 1) .
Turnaround times decreased in the second period compared with the first period: for nevi (from 2 days to 1 day), melanomas (from 5 days to 2 days), and BCC (from 2 days to 1 day) significantly. In the private dermatopathology laboratory we process tissues twice a day compared with only 1 overnight run in the general pathology hospital laboratory, but this explains only in part the low TATs.
Deeper cuts were required in 6.4% of cases compared with 5.3% before, which is a nonsignificant difference. The need for deeper cuts is low compared with that reported in a previous study (7.6% to 23.3%).
10 With EVD-guided sectioning, most deeper cuts are made to confirm or further examine focal lesions observed on the first cuts, whereas with the standard method, cuts are often blind because of a discordance between the histological findings and the expected findings, based on the clinical information or macroscopy. The exact impact on the accuracy and efficiency of working in an exclusively dermatopathology environment compared with that in a general pathology laboratory is difficult to measure. Nevertheless, we are convinced that EVD and DD may contribute in improving the accuracy and efficiency in dermatopathology.
The main limitation of the study is that for the second period the biopsies were processed in a new dermpat lab.
Conclusions
This retrospective evaluation shows that EVD with DD and adapted sectioning of skin tumors, permits a more accurate histologic diagnosis. It allows better margin evaluation, better understanding of lesional architecture, and specific evaluation of remarkable/suspicious areas, either described by the clinician or observed by the laboratory technician. The method is easy to implement in a dermatopathology setting. In our opinion, EVD with DD is a valuable new scientific tool to make clinicopathologic correlations. We believe it is time for the pathologist involved in tumoral skin evaluation and their technical staff to learn dermoscopy and replace random transverse cutting by lesion-specific and DD guided cutting. 1,2 He investigated the histology of unilateral epitheliomatous sebaceus nevus of the head. 3 He was a brilliant clinician who published his meticulous observations about comparing 2 clinical appearances of tuberculids of infant skin; attempted to cure different manifestations of tuberculosis with a tuberculin cloth pad to enhance immunological response on affected skin surfaces; published modifications of blood morphology in rickets and comparative studies of the Mantoux tuberculin skin test; examined light-sensitizing properties of acridine derivatives in treatment of psoriasis and reported 20 years of experience with the efficacy of novarsenobenzol in treating lues; studied vegetative nervous reactions in tuberculosis and lues 3 ; and described the dermatological adverse effects of various contemporary medications (eg, gold and arsenobenzole) as well as consequences of poisoning with venoms. 
